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Spine1 and garnet single crystals of low dielectric constants and loss tangents have been 
investigated as possible substrate materials for the growth of the Y-Ba-Cu-0 superconducting 
films. In addition to their desirable dielectric properties, these materials~ are chemically 
compatible with silicon and compound semiconductors and can be used as the interface 
materials for the integration of cuprate superconducting films with semiconducting devices. The 
Y-Ba-Cu-0 films grown on (001) MgAl,O, and (001) Y3Alu5012 from a co-evaporation 
deposition with a subsequent wet anneal exhibit superconductivity with a transition temperature 
T,(R=O) of 57 and 74 K, respectively, while strongly (001) textured YBa$usO,-, films from 
the in situ laser deposition grown on (001) MgAl,O, and (001) Y,Al,O,, show 
superconducting transition temperatures T,(R-0) of 77 and 87 K, respectively. Our work 
demonstrates that these two materials are viable substrates for the Y-Ba-Cu-0 thin films in high 
frequency device applications. 
High temperature superconducting (HTSC) thin films 
because of their low surface resistance will undoubtedly be 
applied in high frequency devices operating at microwave, 
radio, and mm-wave frequencies,’ but such applications 
will need substrate materials of low dielectric constants 
( < 20) and low loss tangents ( < lo-‘). The breakthrough 
of making high quality HTSC films was originated from 
the ingenious choice of using strontium titanate (SrTiO,) 
as the substrate material to provide chemical compatibility 
and good lattice matching to the superconducting cuprate.” 
However, strontium titanate (SrTi03) has too high a di- 
electric constant ( 150) and a loss tangent to be useful as 
substrates for HTSC films in high frequency applications. 
The search for other perovskite substrates of low dielectric 
constants and small loss tangent has led to the investiga- 
tion of substrate material? such as LaAlOs and LaCaO,. 
However, these perovskites can form surface corrugations 
from twinning, and thereby limit the superconducting 
properties of HTSC films grown on them. Other perovs- 
kites4 have met limited success because large and low 
dielectric-ioss crystals are few due to high growth temper- 
atures and difficulties in controlling stoichiometry. 
When the high frequency capability of HTSC is com- 
bined with semiconducting devices that operate at GHz 
frequencies, a new class of devices will appear. Further- 
more, there exists for the first time a temperature range 
within which both semiconductors and superconductors 
can operate. Between 60 and 80 K, semiconductors will 
have sufficient non-freezed-out carriers with reasonable 
mobilities and the cuprate superconductors will supercon- 
duct. Undoubtedly, novel devices that combine semicon- 
ducting and superconducting materials will impact micro- 
electronics when the integration of existing semiconducting 
circuits with superconducting thin films is proven to be 
viable. Successful integration of HTSC films on silicon, 
III-V and II-VI compound semiconductors require mate- 
rial compatibilty. Spinels and garnets are of interest as the 
interfacing materials because they have been demonstrated 
to be chemically and structurally compatible with silicon 
and compound semiconductors. For example, epitaxial sil- 
icon was grown on aluminum spine1 (MgA1zOJ5 and 
Ga.e4&ro,,,As-InP multilayer quantum wells were grown 
on (001) gadolinium gallium garnet (GGG) .6 Besides, 
there are many spinels and garnets of low dielectric con- 
stants ( <20) and of low loss tangents ( < 10p3), which 
are important for high frequency applications. Unlike some 
perovskites, most of the spinels and garnets do not form 
surface corrugations from twinning and structural phase 
transformation. There are also wide spectra of lattice pa. 
rameters to choose from, in the families of spinels ant 
garnets for the Ieast lattice mismatch with superconducting 
cuprates. When they do melt congruently and below 
2000 “C, high quality crystals can be grown by the Czo. 
chralski (CZ) method for large substrate applications. Mi 
ura et aZ.’ used SrTi0,/MgA1,04 as a double buffer layer 
between Si and YBCO films, while Bansal et al.’ usec 
MgA1z04 as substrates for screen printed thick films. Botl 
groups showed encouraging results. Here, we use the mag 
nesium spine1 MgAlzO, and yttrium aluminum garnel 
(YAG) Y&l,O,, to explore the feasibility of using then 
as substrate materials for HTSC thin films. 
Two methods are used to deposit the Y-Ba-Cu-0 films 
in order to evaluate the process compatibility of the sub. 
strates. The first method, the co-evaporation process, de. 
scribed in detail elsewhere,’ is used to grow thin films 01 
Y-Ba-Cu-0 onto (001) MgAl,O, and (001) YnAl,O1: 
with no buffer layer. Previously, this deposition process has 
yielded robust YBaQr@_, (YBCO) films on SrTiO, 
substrates with some of the highest critical current val 
ues. lo In summary, these films are prepared by the co. 
evaporation of Y, BaF,, and Cu on a substrate held a 
room temperature. Since the distance between sources ant 
the substrates is 450 mm, films from the same run are o 
the same composition. The background pressure ir 
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2X lo-” Torr and oxygen is introduced with a resulting 
pressure of 5>( 10-s Torr during deposition. The use of 
BaF, as barium source provides nonhygroscopic as- 
deposited films. However, annealing is necessary for the 
removal of fluorine and the conversion of the as-deposited 
amorphous materials into the superconducting phase(s) .6 
Subsequent annealing is performed on the as-deposited 
films both at the standard annealing temperature of 850 “C 
and at 800 “C. 
The second film deposition method is an in situ laser 
deposition process. The operating condition includes a sub- 
strate temperature of 740 “C, a pressure of back-filled mo- 
lecular oxygen at 200 mTorr with a background vacuum at 
10m6 Torr. The energy density of the excimer laser beam 
(248 mm) is about 1.5 J/cm’ per shot and the deposition 
rate is about 0.05 nm/shot. A stoichiometric YBa,C,O,-, 
pellet is used as the target for the laser ablation, After 
deposition, the chamber is back filled with 0.5 atm of ox- 
ygen with the initial cooling rate maintained at 3 ‘Wmin. 
From the coevaporation process, micron thick Y-Ba- 
Cu-0 films grown on (001) yttrium garnet (Y;A1,0t2) 
and (001) magnesium spine1 (MgAl,O,) exhibit reason- 
able superconducting transitions with the complete transi- 
tion temperatures being 54 and 73 K, respectively. These 
films are annealed at 800 “C for 30 min. in oxygen with 
PHLo at 0.7 atm following a standard annealing procedure.’ 
Films from the same deposition run but were annealed at 
850 “C with Pnzo at 0.02 atm, exhibit similar resistance 
temperature dependence except with lower total transition 
temperatures, i.e., 51 and 71 K for films on MgAl,O, and 
Y,A1,0t2, respectively, possibly because the reaction be- 
tween films and substrates is accelerated at a higher tem- 
perature. As a control, a film on (00 1) SrTiO, from the 
same run and annealed at 800 “C for 30 min in oxygen with 
PHLo at 0.7 atm showed a total transition temperature of 79 
K, while another control film annealed at the standard 
temperature of 850 “C with PHzo at 0.02 atm shows a total 
transition temperature of 85 K. Therefore, the conversion 
of the as-deposited amorphous materials to superconduct- 
ing Y-Ba-Cu-0 is more complete at 850 “C while at this 
Temperature (K) 
FIG. 1. Resistance-temperature dependence for the YBa,Cu,G,-, films 
deposited on (a) (001) Y,AISO,, and (b) (001) MgAl,O, by the in situ 
laser deposition process. 
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1 
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Diffraction Angle (2.0) 
FIG. 2. 20 scans from x-ray diffraction of the YBa$usO,-, tilms depos- 
ited on (a) (001) Y,Al,O,, and (b) (001) MgAl,O, by the laser depo- 
sition. In (a) a much lower incident x-ray intensity is used to scan 26, 
from 25’ to 35” to avoid the strong diffracted beam from the substrate 
overloading the detector, while in (b) the spine1 substrate is slightly 
misaligned showing a small (004) spine1 peak. The (003), (005), (006), 
peaks of YBazCu307-, (004)spinel and (004)YAG peaks are labeled. 
higher temperature spine1 and YAG react more with the 
films causing some degradation of the superconducting 
properties of the resulted films. The stoichiometry of these 
particular as-deposited films from the same run is Cu rich 
as detected by Rutherford backscattering (RBS) with 
Y:Ba:Cu ratios being 1:2:4 which can cause the formation 
of the Y,Ba&usO, phase as well as the YBa,CusO, -X 
phase. Hence, we call these films Y-Ba-Cu-0 films. Indeed, 
x-ray diffraction of the films shows the (OOL) peaks for 
both phases of comparable intensity and small ( 103) peaks 
of the YBazCu~O,-, phase indicating some randomly ori- 
entated grains in the films. The lower transition tempera- 
tures in these films are expected since Y,Ba,Cu,O, has a 
lower transition temperature (80 K) than that (90 K) of 
the YBazCusO,-X. Besides, the transition of the Y-Ba- 
Cu-0 films on MgAl,O, are broader than those on 
Y,Al,O,, for both 800 “C as well as 850 “C anneal, which 
suggests that MgA1,04 is more reactive than Y,A1,0t2 
with the Y-Ba-Cu-0 films. 
From the laser deposition process, YBa2Cu307--x 
(YBCO) films of 200 nm thick show an on-set transition 
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“Reference 11. 
hReference 12. 
‘Reference 4. 
temperature ( T,;) of 91 K with a total transition temper- 
ature T,(R=O) of 87 K when grown on (001) YAG and 
an on-set at 87 K with T,(R=0)=77 K for the film on 
(001) MgAl,O, (Fig. 1) . The normal resistivities of these 
films are 160 and 490 pfi cm at room temperature. X-ray 
diffraction (Fig. 2) shows strong (003)) (005), and (006) 
reflections of YBa&!u,O,-, phase from both films indicat- 
ing a good plane aligfiment of (O01)fi3,1j (001 )substrate, 
while no Y2Ba&us0, phase is detected. 
From these results, it is obvious that the YAG sub- 
strates are much better substrates than the spine1 ones, 
disregarding which of the two deposition methods used. 
Both MgAl,O, and Y,A150,, exist as line compounds in 
the corresponding phase diagrams of the pseudobinary ox- 
ide systems of A1,03-MgO” and Y203-A1203,*2 respec- 
tively. However, MgA1,04 deviates from a line compound 
to form a solid solution at about 800 OC, whereas Y3A150,, 
remains as a line compound up to 1970 “C showing a 
higher phase stability than the spinel, which can also ex- 
plain the higher reactivity of MgA1,04 with the Y-Ba- 
Cu-0 films. For low reactivity with films, substrate mate- 
rials need to exhibit phase stability at a temperature 
significantly higher than both the deposition and the an- 
nealing temperature used during film processing. There- 
fore, the maximum line-compound temperature of a sub- 
strate material can be a good indicator of the reactivity 
with films for future selection of possible substrates. 
In summary, we have successfully grown supercon- 
ducting Y-Ba-Cu-0 films on (00 1) MgA1,OB and on ( 00 1) 
Y,Al,O,, both by the in situ laser deposition and by the 
co-evaporation with a follow-up anneal. The best result is 
the YBa2Cu307-x films deposited by in situ laser deposi- 
tion on (001) Y,Al,O,, (YAG) which exhibits (001) 
plane alignment between the films and the substrates. Pos- 
sible epitaxy relation is being investigated using transmis- 
sion electron microscopy. Important data about substrates 
and results of the deposited Y-Ba-Cu-0 films are summa- 
rized in Table I. We find that the best quality films can be 
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TABLE I. Summary of the room temperature properties of magnesium spinel, yttrium aluminum garnet, and strontium titanate: structure, lattice 
parameters, dielectric constants, maximum temperature as line compounds ( r,,,,, s), and melting temperatures (T,‘s). The last four columns show 
T,(R =0) of the deposited films from different processes, and x-ray reflectiohs observed of the YBa&u,O,-, phase from the laser deposited films. Some 
of the processing parameters are listed at the bottom two rows of the_table. 
Substrate material/ T ma* T,(R=O) of T,(R=O) of X-ray 
chemical formula Maximum temp. the films from the laser reflections 
(all have Lattice of the line Dielectric constant’ the co-evaporation deposited of the laser 
cubic unit cells) parameter (nm) compound at 9.1 GHz process ( K) films (K) deposited films 
Magnesium MgAW’, 0.8083 800 ‘C 12 51 57 77 (003), W’W, (006) 
spine1 (T,=2105 ‘C)” 
YAG Y3~5OlZ 1.2009 1970 “Cb 10 71 74 87 (m3), (005), (006) 
Yttrium 
Aluminum 
Garnet 
Strontium SrTiO, 0.3905 (T,,,=2000 “C)’ 150 (zero frequency) 85 79 89 
titanate 
Processing 
parameters 
Annealing/substrate temp. (“C) 
Partial pressure of H,O in atm 
850 800 740 
0.02 0.7 not applicable 
grown on (001) YAG while YAG has low radio frequency 
losses and a low dielectric constant with no surface corru- 
gation problem. The next challenge will be to show both 
semiconducting devices and cuprate superconducting ele- 
ments on the same YAG substrate. 
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